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Cabbage (Brassica oleracea L.) is a common vegetable whose production is severely limited by insect pest 
pressure in Western Africa. This study was conducted during the dry and rainy season in south Benin to 
evaluate the potential of tropical basil (Ocimum gratissimum L.) for repelling cabbage pests (Hellula un-
dalis Fabricius, Plutella xylostella L. and Spodoptera littoralis Boisduval). In a complete randomized block 
design with four replicates, the insect infestation was compared between three association modalities: (i) 
cabbage intercropped with tropical basil, (ii) cabbage plots surrounded by tropical basil and (iii) control 
(no basil in the cabbage area). The presence of tropical basil near cabbage plots significantly reduced 
insect pest abundance on cabbage. Damages were also less important on cabbage intercropped with trop-
ical basil. Among both intercropping modalities, alternate rows showed the best results in terms of reduc-
ing pest populations and damages than compared to cabbage plots surrounded by tropical basil. 
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In West Africa, market gardening is one of the main sources of income for urban and periurban 
farmers (FAO, 2012). This sector plays an important role in food safety programs (De Bon et 
al., 2010 ; James et al., 2010; Abdulkadir et al., 2012) and contributes to the incomes of many 
families (Kanda et al., 2009; Yolou et al., 2015). Cabbage, Brassica oleracea L. (Brassicaceae) 
is one of the most cultivated vegetable crops in several West Africa countries (Asare-Bediako 
et al., 2010 ; De Bon et al., 2010). In Benin, cabbage is produced in the entire national territory 
(Assogba Komlan et al., 2012), but its production is heavily impacted by various pests among 
which Lepidopterans (Hellula undalis Fabricius, Plutella xylostella Linn. and Spodoptera litto-
ralis Boisduval) are among the most damaging. Lepidopterans can reduce yields by 38 to 90% 
in absence of pest treatments (Asare-Bediako et al., 2010). To counteract insect damages, 
farmers abusively use synthetic insecticides, leading to important health and environmental 
negative consequences (Kanda et al., 2009  ; Ahouangninou et al., 2012; Abou et al., 2015). 
Pest resistance (Ninsin, 2015; Agboyi et al., 2016), elimination of natural enemies (Ahmad et 
al., 2011), pesticide residues in vegetables (Sæthre et al., 2011; Atieno et al., 2014; Biego et 
al., 2015) are those many problems related to synthetic pesticides. Crop associations are 
among the possible alternatives that still remain to be improved. They have been shown in 
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some cases to reduce pest abundance by repelling pests or reducing their ability to locate 
appropriate host plants (Schader et al., 2005; Björkman et al., 2010; Zhang et al., 2016).  
Intercropping cabbage with other crops (Cleomae gynandra Linn., Lycopersicum esculentum 
Linn., Coriandrum sativum Linn., Calendula officinalis Promyk, Tagetes patula nana Kolom-
bina) was previously suggested as efficient in reducing P. xylostella populations on cabbage 
(Ogol and Makatiani, 2007; Jankowska, 2010). Similar results were obtained for the manage-
ment of other pests including Brevicoryne brassicae L. and Zonocerus variegatus L., H. undalis 
(Mochiah et al., 2011). Debra et al. (2014) reported that intercropping garlic or onion with 
cabbage reduced not only the pest prevalence but also minimized damages and improved 
yields. According to Tiroesele et al. (2015) intercropping Ocimum basilicum L. with cabbage 
has resulted in a significant decrease of aphid abundance in the intercropping plots. Other 
studies demonstrated that volatile organic compounds (VOCs) of various Ocimum species 
have a repellent effect on several pests (Kellouche et al., 2010; Pugazhvendan et al., 2012; 
Inbaneson et al., 2012; Akono Ntonga et al., 2014). Ocimum volatiles could also attract natural 
enemies of the target pest (Schader et al., 2005; Mochiah et al., 2011; Zhang et al., 2016).  
The objective of this study is to evaluate the potential of intercropping cabbage with tropical 
basil, Ocimum gratissimum L, to control populations of cabbage pests in Benin.  
 
MATERIALS AND METHODS 
 
Study site and chronogram 
 
All experiments were carried out at the experimental site of the Vegetable Crop Program of 
the National Institute of Agricultural Research of Benin (6 ° 24 '35 "North, 2 ° 19' 55" East, 
South Benin). This site is characterized by a subequatorial climate with two rainy seasons 
(March to July and September to November) and two dry seasons (December to March and 
July to September). The day temperatures varied from 26°C to 31°C. The mean annual rainfall 
was 2007 mm during the period (INSAE, 2012). 
Two experiments were carried out from April to August 2012 (rainy season) and from Novem-
ber 2012 to March 2013 (dry season). The main crop considered is cabbage (Oxylus variety). 
Tropical basil (tchayo in the local language “Fongbé” of southern Benin) is the companion 
plant associated with the cabbage.  
In the first experiment (rainy season), one-month old tropical basil seedlings were first trans-
planted on the field plots. One month later, one-month old cabbage plants were transplanted. 
Three harvests of tropical basil were carried out before cabbage harvest. After each cut, poul-
try manure was applied to basil plants. After cabbage harvest, plots were cleaned, and tropical 
basil plants were kept in place for the second experiment (dry season). Subsequently, cabbage 
seedlings were transplanted under the same treatments on the same plots. The experiments 
were conducted in a randomized complete block design of three treatments and four repli-
cates. Cabbage intercropped with tropical basil (CIT) and cabbage plots surrounded by tropical 
basil (CST) were compared to cabbage (SC) alone as control (Figure 1). Each treatment was 
installed on a primary plot of 10 m². 
The observations were focused on three important cabbage pests: H. undalis, whose larvae 
gnaw the plants heart which leads to multi-heads cabbage without commercial value; P. xy-
lostella and S. littoralis, whose larvae perforate the leaves and degrade the visual quality of 
cabbage. Larvae of these pests were counted weekly for 10 weeks. The counting was per-
formed on eight plants per plot at each observation time. At harvest, the number of damaged 
cabbages (multi-heads, perforated and rotted) was evaluated for each treatment per plot.  
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Figure 1. Schematic and picture illustration of the different treatments. C: cabbage, T: tropical basil, SC: 





All statistical tests were performed using R software version 3.3.3 (R Core Team, 2017). Data 
were cumulated by season for each plot. The effects of intercropping on insect abundance 
(response variables: all pest pooled, and H. undalis, S. littoralis, P. xylostella individually) were 
assessed by ﬁtting generalized linear mixed effect models (“glmer” function of the “lme4” 
package; Bates et al., 2015) with Poisson error distribution (log-link function). Treatments 
were included as fixed variable and the plots as random effects, as measures were repeated 
on ten consecutive occasions in the same plots each season. Likelihood-ratio tests (drop1 
function, “lme4” package; Bates et al., 2015) at p<0.05, were used to test the effect of fixed 
variable in each model. The "glht" function ("multcomp" package; Hothorn et al., 2008) were 
used for group comparisons. For cabbage harvested, the "fisher.test" and "fisher.multcomp" 
functions ("RVAideMemoire" package; Maxime, 2017) were used to compare the proportion 




Pest abundance on cabbage 
 
For each species, the number of counted larvae is around 1.5 to 3.0 times higher in control 
plots (sole cabbage) than in associated cabbage plots (Figure 2). A significant effect of the 
association was observed both in the rainy season (dl = 2, x² = 13.05, p = 0.001) and in the dry 
season (dl = 2, x²=7.27, p = 0.026). The comparison between treatments for each season is 
presented in Table 1. During the rainy season (Figure 2a), a significant effect of the treatments 
was observed on the H. undalis (dl = 2, x² = 16.76, p <0.001) population, but not on the S. 
littoralis population (dl = 2, x² = 0.83, p = 0.659). No comparison could be done on P. xylostella 
due to the low number recorded during this rainy season. In the dry season, the H. undalis 
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population was significantly affected by the treatments (d1 = 2, x² = 3.44, p <0.000). However, 
no effect was observed for S. littoralis (dl = 2, x² = 0.79, p = 0.671) and P. xylostella (dl = 2, x² 
= 1.19, p = 0.551). The comparison of means between treatments for each pest and season 
was presented (Table 2).  
 
Table 1. Multiple comparisons of means between treatments according season on total pest population. 
SC: sole cabbage, CIT: cabbage intercropped with tropical basil, CST: cabbage plots surrounded by tropical 
basil. Estimate indicates the meaning of the difference between treatments compared. *p<0.5, **p<0.01 
and ***p<0.001.  
 
Seasons Parameters CIT-SC CST-SC CST-CIT 
Rainy  
Estimate - -  
p-value 
<0.001 0.089 0.039 
***  * 
Dry  
Estimate - -   
p-value 
0.006 0.118 0.493 
**     
 
Table 2. Multiple comparisons of means between treatments for each season on pest population. SC: sole 
cabbage, CIT: cabbage intercropped with tropical basil, CST: cabbage plots surrounded by tropical basil. 
Estimate indicates the meaning of the difference between treatments compared). *p<0.05, ***p<0.001; 
nc (not comparable).  
 
Seasons Pests Parameters CIT-SC CST-SC CST-CIT 
Rainy  
H. undalis 
Estimate - -  
p-value 
<0.001 0.094 0.040 
***  * 
S. littoralis 
Estimate - -   
p-value 0.711 0.715 1 
P. xylostella   nc nc nc 
Dry  
H. undalis 
Estimate - -   
p-value 
<0.001 <0.001 1 
*** ***  
S. littoralis 
Estimate - -   
p-value 0.709 1 0.709 
P. xylostella 
Estimate - -   
p-value 0.793 0.896 0.524 
 
Pest damages on cabbage 
 
Cabbages were categorized into unmarketable cabbages (bored, rot, and multi heads cab-
bages) and marketable cabbages (Figure 3). Significant differences were found between the 
proportion of unmarketable and marketable cabbages (rainy season, p < 0.001; dry season, p 
= 0.007). In the rainy season, unmarketable cabbages in intercropped plot with tropical basil 
was significantly low compared to the control (p < 0.001) and cabbage plots surrounded by 
tropical basil (p < 0.001). No difference was observed between sole cabbage plot and sur-
rounded cabbage plot (p = 0.643). In the dry season, differences were found only between 
cabbage in intercropped plot with tropical basil and sole cabbage (p = 0.012). 
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Figure 2. Average number of larvae counted on cabbage according the treatment for rainy (a) and dry (b) 
seasons. SC: sole cabbage, CIT: Cabbage intercropped with tropical basil, CST: cabbage plots surrounded 
































Figure 3. Proportion of unmarketable and marketable cabbages according to the treatments and following 
the seasons: a (rainy season), b (dry season). SC: sole cabbage, CIT: Cabbage intercropped with tropical 




The impact of tropical basil on three Lepidopteran cabbage pests was evaluated during this 
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basil have attracted less pests compared to the control plots. Damages were also lower in 
associated plots. These results corroborate with other previous studies on the pest suppres-
sive effect of intercropping with Ocimum plants. Kianmatee and Ranamukhaarachchi (2007) 
demonstrated that intercropping of O. basilicum or O. sanctum L. with Brassica rapa H. re-
duces pest populations (H. undalis, Spodoptera litura F., Phyllotreta sinuate F.), and damages 
in the intercropping plots than in control. Asare-Bediako et al. (2010) reported that the impact 
of H. undalis on cabbage was less important when cabbage was intercropped with pepper or 
onion. Similar studies have shown that the presence of O. basilicum, Allium spp, and T. patula 
on cabbage plots significantly reduce the damages of B. brassicae and as a result of yield in-
crease compared to cabbage plots without these companions (Debra and Misheck, 2014; 
Tiroesele and Matshela, 2015). 
The repulsive effect of companion plants on insects is generally attributed to their volatile 
organic compounds (VOCs). By associating cabbage with clover (live or dry), Finch and 
Kienegger (1997) concluded that the low oviposition of P. xylostella and Pieris brassicae L. 
observed on cabbage plants intercropped with live clover was more related to the presence 
of repellent compounds than to the physical appearance of the clover. Indeed, plant volatiles 
play an important role in the process of host plant localization by pests (Bruce et al., 2005; 
Bruce and Pickett, 2011). Ocimum species are aromatic plants, whose repellent properties on 
various arthropods are demonstrated (Del Fabbro and Nazzi 2008; Oparaocha et al., 2010; 
Kazembe and Chauruka, 2012). Thus, VOCs emitted from these tropical basil plants could have 
disrupted the recognition and oviposition behavior of lepidopterans on cabbage plants. This 
would explain the low populations of Lepidoptera larvae observed in the intercropping plots 
compared to the control. It could also be due to the activity of the natural enemies of these 
pests. Indeed, some VOCs can be attractive to natural enemies as demonstrated by Bender et 
al. (1999) on B. oleracea associated with Brassica juncea L., and Beizhou et al. (2011) on pear 
orchards associated with O. basilicum. It is, therefore, probable that tropical basil has at-
tracted natural enemies of these lepidopterans that could have contributed to reduce their 
populations in cabbage intercropping plots. However, we cannot confirm these facts because 
the presence of natural enemies has not been evaluated in this study.  
Single row-intercropping appeared to be the best arrangement of plants for reducing pest 
damage. This observation was supported by previous ones: single row-intercropping carrots 
with onions better control the attacks of Delia brassicae Bohé on carrots (Tukahirwa & Coaker, 
1982). However, the two mix crops effect on each pest during both the seasons, did not sig-
nificantly reduce the populations of P. xylostella and S. littoralis compared to the control as 
the results obtained by Kianmatee and Ranamukhaarachchi (2007). This would indicate that 




This study showed that tropical basil can reduce cabbage pests especially H. undalis. Associa-
tion of cabbage and tropical basil in alternated row were more effective. In the context of the 
promotion of agro-ecological methods for crop pests management, especially vegetable 
crops, tropical basil could be used in the integrated pest management. Nevertheless, further 
studies are needed to perfect this technology in order to maximize the biocidal potential of 
this plant in the crop pest control. Used as a traditional vegetable in some West Africa coun-
tries and mainly in Benin, its adoption in intercropping systems by producers should be done 





This study was supported by the Service of Cooperation and Cultural Action (SCAC) of France Embassy in 
Benin (Grant n°2012/926). Thanks to the Erasmus Mundus program of Dream ACP project which financed 
the project of this thesis that follows this work. Thanks to the technicians of the Vegetable Research Pro-




ABDULKADIR A., DOSSA L. H., LOMPO D. J.-P., ABDU N. & VAN KEULEN H. (2012). Characterization of urban 
and peri-urban agroecosystems in three West African cities. International Journal of Agricultural 
Sustainability, 10(4): 289–314.  
ABOU T., ERNEST A. K., NATCHIA A. K. A. & ADAMA T. (2015). Niveau de contamination par les pesticides 
des eaux des lagunes Aghien et Potou (Sud-est de la Côte d’Ivoire). International Journal of Pure & 
Applied Bioscience, 3(4): 312–322. 
AGBOYI L. K., KETOH G. K., MARTIN T., GLITHO I. A. & TAMÒ M. (2016). Pesticide resistance in Plutella 
xylostella (Lepidoptera: Plutellidae) populations from Togo and Benin. International Journal of 
Tropical Insect Science, 36(4): 204–210.  
AHMAD M., RAFIQ M., ARIF M. I. & SAYYED A. H. (2011). Toxicity of some commonly used insecticides 
against Coccinella undecimpunctata (Coleoptera: Coccinellidae). Pakistan Journal of Zoology, 
43(6):1161–1165.  
AHOUANGNINOU C., MARTIN T., EDORH P., BIO-BANGANA S., SAMUEL O., ST-LAURENT L., DION S. & 
FAYOMI B. (2012). Characterization of health and environmental risks of pesticide use in market-
gardening in the rural city of Tori-Bossito in Benin, West Africa. Journal of Environmental Protection, 
3: 241–248.  
AKONO NTONGA P., BALDOVINI N., MOURAY E., MAMBU L., BELONG P. & GRELLIER P. (2014). Activity of 
Ocimum basilicum, Ocimum canum, and Cymbopogon citratus essential oils against Plasmodium 
falciparum and mature-stage larvae of Anopheles funestus s.s. Parasite, 21, 33. doi.org/10.1051. 
ASARE-BEDI E., ADDO-QUAYE A. A. & MOHAMMED A. (2010). Control of Diamondback Moth (Plutella 
xylostella) on Cabbage (Brassica oleracea var capitata) using intercropping with Non-Host Crops. 
American Journal of Food Technology, 5(4): 269–274.  
ASSOGBA KOMLAN F., YAROU B. B., MENSAH A. & SIMON S. (2012). Les légumes traditionnels dans la lutte 
contre les bio-agresseurs des cultures maraîchères: Associations culturales avec le Tchayo (Ocimum 
gratissimum) et le Yantoto (Launaea taraxacifolia). Fiche technique. Bibliothèque Nationale (BN) Du 
Bénin. Dépôt Légal N° 4427, 4ème trime (ISBN: 972-99919-1-182-3.), 49 p. 
BATES D., MÄCHLER M., BOLKER B. & WALKER S. (2015). Fitting Linear Mixed-Effects Models Using lme4. 
Journal of Statistical Software, 67(1): 1–51.  
BEIZHOU S., JIE Z., JINGHUI H., HONGYING W., YUN K. & YUNCONG Y. (2011). Temporal dynamics of the 
arthropod community in pear orchards intercropped with aromatic plants. Pest Management Science, 
67: 1107–1114.  
BENDER D. A., MORRISON W. P. & FRISBIE R. E. (1999). Intercropping cabbage and Indian mustard for 
potential control of lepidopterous and other insects. HortScience, 34(2): 275–279. 
BIEGO G., OGA A., CLAON J. S., AGBO N. G. & KOUADIO L. P. (2005). Détermination des résidus de 
pesticides organochlorés dans retrouves sur les marches d’Abidjan. Cahier de Santé Publique, 
4(1):17–25. 
BJÖRKMAN M., HAM ACK P. A. HOPKINS R. J. & AMERT B. (2010). Evaluating the enemies hypothesis in a 
clover-cabbage intercrop: effects of generalist and specialist natural enemies on the turnip root fly 
(Delia floralis). Agricultural and Forest Entomology,12: 123–132.  
BRUCE T. J. A. & PICKETT J. A. (2011). Perception of plant volatile blends by herbivorous insects – Finding 
the right mix. Phytochemistry, 72(13): 1605–1611.  
BRUCE T. J. A., WADHAMS L. J. & WOODCOCK C. M. (2005). Insect host location: a volatile situation. Trends 
in Plant Science, 10(6): 269–274.  
DE BON H., PARROT L. & MOUSTIER P. (2010). Sustainable urban agriculture in developing countries . A 
review. Agronomy for Sustainable Development, 30: 21–32.  
Comm. Appl. Biol. Sci, Ghent University, 82/2, 2017 165
DEBRA K. R. & MISHECK D. (2014). Onion (Allium cepa) and garlic (Allium sativum) as pest control 
intercrops in cabbage based intercrop systems in Zimbabwe. Journal of Agriculture and Veterinary 
Science, 7(2), 13–17. 
DEL FABBRO S. & NAZZI F. (2008). Repellent effect of sweet basil compounds on Ixodes ricinus ticks. 
Experimental and Applied Acarology, 45(3–4): 219–228.  
FAO. (2012). Growing greener cities in Africa. First status report on urban and peri-urban horticulture in 
Africa. Rome, Food and Agriculture Organization of the United Nations.111 p. 
FINCH S. & KIENEGGER M. (1997). A behavioural study to help clarify how undersowing with clover affects 
host-plant selection by pest insects of brassica crops. Entomologia Experimentalis et Applicata, 
84(2):165–172.  
HOTHORN T., BRETZ F. & WESTFALL P. (2008). Simultaneous Inference in General Parametric Models. 
Technical Report Number 019. Department of Statistics, University of Munich. Retrieved from 
http://www.stat.uni-muenchen.de. 
INBANESON S. J., SUNDARAM R. & SUGANTHI P. (2012). In vitro antiplasmodial effect of ethanolic extracts 
of traditional medicinal plant Ocimum species against Plasmodium falciparum. Asian Pacific Journal 
of Tropical Medicine, 5(2): 103–106.  
INSAE (Institut National de la Statistique et de L’analyse Economique). (2012). Annaire statistique 2010. 
Cotonou, Bénin. 
JAMES B., ATCHA-AHOWÉ C., GODONOU I., BAIMEY H., GOERGEN G., SIKIROU R. & TOKO M. (2010). 
Gestion intégrée des nuisibles en production maraîchère: Guide pour les agents de vulgarisation en 
Afrique de l’Ouest. Institut International D’agriculture Tropicale (IITA), Ibadan, Nigeria., 120 p. 
JANKOWSKA B. (2010). Effect of intercropping white cabbage with french marigold (Tagetes patula nana) 
and pot marigold (Calendula officinalis) on diamondback moth (Plutella xylostella L.) Population 
density and it’s parasitoid complex. Vegetable Crops Research Bulletin, 73, 107–117.  
KANDA M., WALA K., BATAWILA K., DJANEYE-BOUNDJOU G., AHANCHEDE A. & AKPAGANA K. (2009). Le 
maraîchage périurbain à Lomé: pratiques culturales, risques sanitaires et dynamiques spatiales. 
Cahiers Agricultures, 18(4): 356–363.  
KAZEMBE T. & CHAURUKA D. (2012). Mosquito repellence of Astrolochii hepii, Cymbopogon citratus and 
Ocimum gratissimum extracts and mixtures. Bulletin of Environment, Pharmacology and Life Sciences, 
1(8): 60–64.  
KELLOUCHE A., LABDAOUI K., MOULA D., OUENDI K., HAMADI N., OURAMDANE A., FREROT B. & MELLOUK 
M. (2010). Biological activity of ten essential oils against cowpea beetle, Callosobruchus maculatus 
Fabricius (Coleoptera: Bruchidae). International Journal of Integrative Biology, 10(2): 86–89. 
KIANMATEE S. & RANAMUKHAARACHCHI S. L. (2007). Pest repellent plants for management of insect 
pests of chinese kale, Brassica oleracea L. International Journal of Agricultural and Biology, 9(1): 64–
67. 
MAXIME H. (2017). RVAideMemoire: Diverse Basic Statistical and Graphical Functions. R package version 
0.9-64. https://CRAN.R-project.org/package=RVAideMemoire. 
MOCHIAH M. B., BAIDOO P. K., OBENG A. & OWUSU-AKYAW M. (2011). Tomato as an intercropped plant 
on the pests and natural enemies of the pests of cabbage (Brassica oleracea). International Journal 
of Plant, Animal and Environmental Sciences, 1(3): 233–240. 
Ninsin K. D. (2015). Cross-resistance assessment in cartap-and esfenvalerate- selected strains of the 
diamondback moth, Plutella xylostella (L.) (Lepidoptera: Plutellidae). West African Journal of Applied 
Ecology, 23(2): 1–6. 
OGOL C. K. P. O. & MAKATIANI J. (2007). Potential of companion crops in managing the diamondback 
moth in cabbage/kale cropping system in Kenya. African Crop Science Society, 8: 1029–1033. 
OPARAOCHA E. T., IWU I. & AHANAKU J. E. (2010). Preliminary study on mosquito repellent and 
mosquitocidal activities of Ocimum gratissimum (L.) grown in eastern Nigeria. Journal of Vector Borne 
Diseases, 47: 45–50. 
PUGAZHVENDAN S. R., ROSS P. R. & ELUMALAI K. (2012). Insecticidal and repellant activities of plants oil 
against stored grain pest, Tribolium castaneum (Herbst) (Coleoptera: Tenebrionidae). Asian Pacific 
Journal of Tropical Disease, 2(SUPPL.1): 1–5.  
 166
SÆTHRE M.-G., SVENDSEN N. O., HOLEN B., ASSOGBA-KOMLAN F. & GODONOU I. (2011). Pesticide 
residues analysis of three vegetable crops for urban consumers in Benin. Bioforsk Report, 6(40): 1–
24. 
SCHADER C., ZALLER J. G. & KÖPKE U. (2005). Cotton-Basil intercropping: effects on pests, yields and 
economical parameters in an organic field in Fayoum, Egypt. Biological Agriculture & Horticulture, 
23(1): 59–72.  
TEAM, R. C. (2017). A language and environment for statistical computing. R Foundation for Statistical. 
Computing, Vienna, Austria. URL https://www.R-project.org/. Retrieved from http://www.r-
project.org/ 
TIROESELE B. & MATSHELA O. (2015). The effect of companion planting on the abundance of cabbage 
aphid, Brevicoryne brassicae L., on Kale (Brassica oleracea var. acephala). Journal of Plant and Pest 
Science, 2(3): 57–65. 
TUKAHIRWA E. M. & COAKER T. H. (1982). Effect of mixed cropping on some insect pests of brassicas; 
reduced Brevicoryne brassicae infestations and influences on epigeal predators and the disturbance 
of oviposition behaviour in Delia brassicae. Entomologia Experimentalis et Applicata, 32(2): 129–140.  
YOLOU F. I., YABI I., KOMBIENI F., TOVIHOUDJI P. G., YABI J. A. & PARAÏSO A. A. (2015). Maraîchage en 
milieu urbain à Parakou au Nord-Bénin et sa rentabilité économique. International Journal of 
Innovation and Scientific Research, 19(2): 290–302. 
ZHANG Z., ZHOU C., XU Y., HUANG X., ZHANG L. & MU W. (2017). Effects of intercropping tea with aromatic 
plants on population dynamics of arthropods in Chinese tea plantations. Journal of Pest Science, 
90(1): 227–237.  
 
  
